Exogenous treatments with cytokinins, such as 6-benzylaminopurine (BA), can delay senescence of some plant tissues. Grevillea 'Sylvia' inflorescences have a short vase life. BA supplied in vase solutions at up to 0.1 mM did not delay senescence of G. 'Sylvia' inflorescences. However, BA applied by dipping at concentrations up to 10 mM extended their vase life (longevity). Senescence parameters of relative fresh weight, flower abscission, flower opening, flower discolouration and flower wilting were all suppressed by BA dips. Dip treatment with BA (1 mM) was effective on G. 'Sylvia' inflorescences at three different maturity stages.
Introduction
Cytokinin action in plant tissue is dependent upon the type of cytokinin, internal translocation of cytokinins and regulation by other plant growth regulators, such as ethylene and auxin (Mor et al. 1983; Cook et al. 1985; Van Staden et al. 1987 , 1990 . One type of cytokinin occurs naturally in plants and includes zeatin, dihydrozeatin, and isopentenyl adenine. There are also ring-substituted cytokinins, including kinetin and benzyladenine (6-benzylaminopurine or BA) (Fosket 1994; Arteca 1996) .
Exogenous treatments with cytokinin may delay senescence of cut flowers (Mor et al. 1983; Cook et al. 1985) . Dihydrozeatin is reported to be the most effective cytokinin in prolonging carnation vase life (Van Staden et al. 1987 , 1990 Van Staden and Bosse´1989; Bichara and van Staden 1993) . BA also delayed carnation senescence (Cook et al. 1985) . Zeatin, trans-zeatin riboside, isopentenyladenine and isopentenyladenosine all delayed rose senescence (Lukaszewska et al. 1994) . Mor et al. (1983) found that BA was as effective as kinetin and zeatin in delaying senescence of detached carnation petals.
The mechanism of cytokinin-induced delay in senescence may involve reduced ethylene production. Mor et al. (1983) reported a delay in the onset of peak ethylene production from the detached outer whorl of carnation 'White Sim' petals that had been pulsed for 24 h with 0.1 mM BA. Cook et al. (1985) found suppression of ethylene production by intact carnation 'Peterson Red' flowers, the stems of which had been placed in a vase solution of 0.02 mM BA, 5% (w/v) sucrose and 300 mg l À1 8-hydroxyquinoline citrate. Van Staden et al. (1987) obtained a delay in senescence of carnation 'White Sim' by treatment with the antiethylene agent aminooxyacetic acid (AOA). Treated flowers had higher concentrations of cytokinins at their base and lower rates of ethylene production than non-treated flowers. Woodson and Brandt (1991) kept intact carnation 'White Sim' flower stems in vases containing 0.001 mM BA and demonstrated delays in senescence and in the onset of peak ethylene production. However, in this instance, the delays in senescence and ethylene production were not as dramatic as those reported earlier (Mor et al. 1983; Cook et al. 1985) .
Grevillea 'Sylvia' inflorescences are attractive as cut flowers (Joyce and Beal 1999) , but they have a short vase life (Joyce et al. 1996) . G. 'Sylvia' flowers are non-climacteric in character, but ethylene is involved in their senescence (Joyce et al. 1995; Setyadjit 2000) . The aim of these experiments was to determine whether exogenouslysupplied BA applied via vase solutions or by dip treatments would delay senescence of G. 'Sylvia' inflorescences.
Materials and methods

Plant material
Grevillea 'Sylvia' inflorescences were harvested from in-ground plants at Redlands Greenhouses Holdings Pty Ltd, Redland Bay (153 18 0 E, 27 37 0 S) in south east Queensland. These nursery stock plants were not irrigated, pruned or fertilised. Inflorescences were harvested by cutting stems to ca. 25 cm length with sharp secateurs. All leaves were removed from the stems. The inflorescences were immediately put into styrofoam boxes. Ice cubes were placed in the bottom of the boxes and covered with several layers of newsprint. Stems were loaded into the boxes in layers, with 10 stems to a layer. Each layer was separated by newsprint wetted with distilled water. The inflorescences were transported to the laboratory in an air-conditioned car. Upon arrival after about 1.5 h, the stems were re-cut under water and placed into distilled water.
Vase solution treatments
Grevillea 'Sylvia' inflorescences of each of three maturity stages were harvested in April (mid autumn). The maturity stages used were stages 1, 3 and 5. Inflorescence maturity stages were characterised as: 1, young flowers, perianth starting to split, style visible; 2, immature flowers, small style loop; 3, mature flowers, style looped to length of perianth tube; 4, open flowers, style reflexed; 5, senescent flowers, perianth segment separating; and, 6, perianth abscised from flowers (Setyadjit 2000) . Inflorescences (10 per replicate) were allocated to vases containing: 0 (control), 0 (control + NaOH), 0.001, 0.01 or 0.1 mM BA. The difference between the control and the plus NaOH control is that the latter contained the diluted NaOH solution used initially as a concentrate to dissolve the BA. All vase solutions contained 10 mg l À1 chlorine as (DICA) (dichloroisocyanurate; a bactericide) dissolved in deionised water. Inflorescences and vases were held at 20 C and 70% RH under a 12 h dark/12 h light cycle and 12 lmol m À2 s À1 photosynthetically active radiation (PAR).
Dipping solution treatments
Inflorescences of each of maturity stages 1, 3 and 5 were harvested in May (late autumn) and subjected to five different BA treatments (0, 0.01, 0.1, 1 and 10 mM BA) all dissolved in deionised water containing 0.1 ml l À1 surfactant (Agral â 600). Inflorescences were immersed in solutions for 1 min. After dipping, excess solution was shaken off. Ten replicate inflorescences per treatment were placed into individual vases containing deionised water and 10 mg l À1 DICA and held under the conditions described above.
Infloresecence assessments
Fresh weight, water uptake, abscission scores, opening scores, discolouration scores and wilting scores were recorded daily. Relative fresh weight was determined for the inflorescences, and was calculated using the formula: relative fresh weight (%) = (W t /W t¼0 ) Â 100; where W t is the weight of inflorescence (g) at t = day 1, 2, etc., and W t¼0 the weight of the same inflorescences (g) at day 0. Solution uptake was calculated using the formula: solution uptake (ml day À1 g À1 fresh weight) = (S tÀ1 À S t )/W t¼0 ; where S t is the solution weight (g) at t = day 1, 2, 3, etc., S tÀ1 the solution weight (g) on the previous day and W t¼0 the fresh weight of the inflorescence (g) at day 0. Vases were protected from loss of solution due to evaporation by placing a polyethylene sheet over the vases and perforating the sheet once to insert the inflorescence stem. The rating scales for flower opening and abscission were: 1, <5%; 2, ‡5 to <25%; 3, ‡25 to <75%; 4, ‡75 to <90%; and, 5, ‡90%. Flowers were considered opened when the style had reflexed from the anther. Once flowers had been scored as open, that score was carried over in data sets on the following days even if the flowers subsequently abscised. (Thus, if flowers abscised, the number of open flowers plotted on the graphs did not suddenly decline.) To test for flower abscission, the inflorescences were gently tapped once. Abscission data were cumulative values. For perianth discolouration and wilting, the rating scales were: 1, none; 2, slight; and, 3, severe. Perianth colours other than pink, such as blue or brown, were considered discoloured. Wilting was determined by touching the individual flowers gently. When a lack of turgidity could be felt, wilting was rated as slight. When loss of turgor could be seen, wilting was rated as severe. Longevity was defined as the time in days for the inflorescences to reach an abscission score of 3 or a wilting score of 3, whichever occurred first.
Statistical analyses
For both vase solution and dipping solution experiments, data on relative fresh weight and solution uptake were analysed using a factorial ANOVA for daily observations. In analysis of abscission and flower opening rating data, values were first converted into the median percentage for the range, and then transformed using arcsin p x to approximate a normal distribution. Thus, a rating value of 1 was converted to 2.5% (the median of the range 0-5%) and then transformed. A rating value of 4 was converted to 82.5% (the median of the range 75-89%) and then transformed. The transformed data were then analysed using a factorial ANOVA. Flower opening score data were analysed by one-way ANOVA to determine the effect of BA on each maturity stage. Discolouration and wilting score data were analysed by Chi-squared tabulation to determine the effects of maturity, BA and combinations of maturity and BA treatment. Data on longevity were analysed by ANOVA using a completely randomised design for each maturity. All analyses were performed using Minitab Release 11.
Results
BA in vase solutions
There were no differences among treatments for any inflorescence deterioration parameter when BA was supplied at various concentrations in the vase solutions (data not presented). Although the pattern of fresh weight loss was not changed by BA treatment, the more mature the inflorescences the sooner that fresh weight was lost. Solution uptake gradually declined during the experiment and abscission began 5 days after treatment.
Other observations were that maturity stage 1 flowers tended not to open, whilst stages 3 and 5 flowers were fully open by day 6. As inflorescence maturity progressed, discolouration scores began to increase sooner. However, there was little influence of maturity on wilting scores.
There were no significant differences in longevity of G. 'Sylvia' when 0.001, 0.01 and 0.1 mM BA were applied through the vase solution, and the mean longevity was 6.9, 6.4 and 6.2 days for stages 1, 3 and 5, respectively.
BA in dipping solutions
Inflorescences dipped into various BA concentration solutions lost fresh weight at a slower rate than those not treated with BA (Figure 1a-c) . In general, the higher the BA concentration, the slower the loss of relative fresh weight. There was no effect of BA on vase solution uptake in all maturity stages (Figure 1d-f) .
Abscission was later and protracted when BA was included in the dipping solution (Figure 2a-c) . There was no flower abscission on day 8 from 10 mM BA-treated inflorescences at stages 1 and 3. In contrast, flowers from many untreated (control) inflorescences had abscised.
Very few stage 1 flowers opened whether they were treated with BA or not (Figure 3a) . Flower opening on stage 3 inflorescences (Figure 3b ) was retarded from day 4 by 0 and 10 mM BA treatments. Stage 5 inflorescences opened earlier, with differences appearing in the first few days after treatment (Figure 3c ). The opening scores on day 0 vary because some flowers opened during handling.
Discolouration was delayed in stages 1 and 3 inflorescences by BA concentrations of 1 and 10 mM (Figure 4a, b) . There was also an effect of BA on discolouration of stage 5 inflorescences (Figure 4c) , even though the effect was not as strong as for stages 1 and 3. Overall, BA treatedinflorescences were observed to retain more pink colouration at the end of the experiment.
Wilting of stage 1 inflorescences was delayed by 10 mM BA (Figure 4d-f) . In stages 3 and 5 inflorescences, control (i.e. 0 mM BA-treated) inflorescences began to wilt sooner than BA-treated inflorescences.
Dip treatments with 0.1 mM BA or higher significantly increased longevity of maturity stage 1 G. 'Sylvia' inflorescences (Table 1) . At stages 3 and 5, the higher BA concentration of 1 mM was required to increase longevity. The 1 mM BA treatment increased inflorescence longevity by 1.30-fold for stages 1 and 3 and by 1.35-fold for stage 5.
Discussion
BA supplied in vase solutions at concentrations of up to 0.1 mM failed to delay senescence of G. 'Sylvia' inflorescences. This result concurs with those of Bosse´and van and Bichara and van Staden (1993) , who found that vase solution-supplied BA did not affect carnation flower longevity. However, these same workers determined that vase solution-supplied dihydrozeatin could delay senescence in carnation.
BA applied as dips increased the post-harvest longevity of G. days. Woodson and Brandt (1991) found that BA treatment caused toxicity symptoms in carnation, as evidenced by premature petal senescence, when the concentration was greater than 1.0 lM. However, there was no sign of any injury or accelerated senescence with G. 'Sylvia' even though the BA concentrations used in the dipping treatments were up to 10 mM. An inadequate supply of BA from the vase solution into the individual flowers on G. 'Sylvia' inflorescences may explain the lack of efficacy of this treatment method. In contrast, dip application evidently provided sufficient BA onto flowers to increase their inflorescence longevity in vases. Cytokinins reportedly move within flowers, such as from receptacle Van Staden et al. 1990) or petal base sources (Van Staden et al. 1987) . Table 1 . Longevity of three maturity stages of G. 'Sylvia' inflorescences treated with 0-10 mM BA in dips (n ¼ 10)
Longevity at 20 C (days) As BA applied as dips delayed senescence in G. 'Sylvia', it would be of interest to determine whether carnation senescence could also be altered by BA dip-treatment (cf. Bosse´and van Staden 1989; Bichara and van Staden 1993) . Mor et al. (1983) recorded delayed senescence when carnation petals were floated on BA solutions. It is possible that sufficient BA may not move through the stem, as was the case in the present experiments with grevillea.
Abscission score is an important indicator of senescence, since it is a highly visible symptom. Abscission was reduced in G. 'Sylvia' by BA dip treatments, particularly at maturity stages 1 and 3. However, discolouration and wilting were reasonably high later in the experiment, when the abscission score of BA-treated inflorescences was still low. BA may reduce the sensitivity of the abscission zone tissues in the pedicels and perianths to endogenous ethylene. The mechanism whereby cytokinin delays senescence may involve a protein receptor that binds the cytokinin (Kulaeva et al. 1995 (Kulaeva et al. , 1996 leading to phosphorylation of the receptor by a kinase (Estelle 1998) . Recent findings show that cytokinin is involved in ethylene signalling (Brault and Maldiney 1999; Smith et al. 1999) . In petunias transformed with a cytokinin biosynthetic gene, ethylene treatment induced cytokinin accumulation and delayed flower sensescence (Chang et al. 2003) To the best of the authors' knowledge, this is the first report of cytokinin treatments extending the longevity of harvested grevillea inflorescences. Thus, cytokinin treatments now have demonstrated potential for commercial application in grevillea.
